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(57)Abstract: 

PROBLEM TO BE SOLVED: To measure with high 
precision dimensions and array errors of an MR 
element and a resistance detecting element having a 
track width of a sub micron order impossible to be 
measured with light in the visible region, an SEM and 
an AFM. 

SOLUTION: Picture measuring of high precision, high 
stability and high resolusion is performed by 
combining a high NA optical system using DUV light 
of a wavelength 200 nm order with a laser length- 
measuring machine which measures the straightness 
of a stage system and further by using a highly 
precise automatic focusing system and a high straight 
Z stage capable of coping with DUV light and high 

NA. Thus, the dimensions and the array errors of the MR element and the resistance 
detecting element which are coated by end surface protective films are measured with 
high precision. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are the thin film magnetic-head dimension and array measuring device which has the 
inspection process which measures a dimension also about the part which the magneto-resistive 
effect component formed on the wafer and the resistance detector element for polish processing 
defined beforehand, said inspection process irradiates the illumination light with a wavelength of 
400nm or less at said component, is make to carry out image formation of the reflected light from 
said component by lens optical system, and is characterize by be the process which measures said 
dimension from this image. 

[Claim 2] Said inspection process is the thin film magnetic-head dimension and an array measuring 
device according to claim 1 characterized by using the thing containing an objective lens with the 
depth of focus shallower than **0.3 microns. 

[Claim 3] The illumination light of said inspection process is the thin film magnetic-head dimension 
and an array measuring device according to claim 1 characterized by being either while wavelength 
is 248nm, 266nm, and 2 1 3nm. 

[Claim 4] The lower limit of the component measured by said inspection process is the thin film 
magnetic-head dimension and an array measuring device according to claim 1 characterized by being 
about 0.5 micrometers. 

[Claim 5] The component measured by said inspection process is the thin film magnetic-head 
dimension and an array measuring device according to claim 1 characterized by being covered by the 
end-face protective coat. 

[Claim 6] Said inspection process is the thin film magnetic-head dimension and an array measuring 
device according to claim 1 characterized by measuring fluctuation of a stage by laser length 
measurement, and performing proofreading with said measurement image. 
[Claim 7] Said laser length measurement is the thin film magnetic-head dimension and an array 
measuring device according to claim 6 characterized by suppressing fluctuation of disturbance. 
[Claim 8] Said inspection process is the thin film magnetic-head dimension and an array measuring 
device according to claim 1 characterized by using as a flat spring the guide of a stage used for 
focusing of an objective lens. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment for measuring the dimension of a 
magneto-resistive effect component, and an array to high degree of accuracy especially with respect 
to the thin film magnetic head which carried out the laminating of an induction type MAG sensing 
element or the magneto-resistive effect component on the substrate. 
[0002] 

[Description of the Prior Art] In recent years, in the magnetic disk drive, small and large capacity- 
ization are progressing and the small magnetic disk drive using the disk of 3.5 inches of current and 
2.5 inch size is in use. In such a small disk unit, since the rotational speed of a disk is low, in the 
magnetic-induction mold head for which a playback output depends on a disk rate, lowering of a 
playback output becomes a problem. On the other hand, with the magneto-resistive effect form head 
(it is hereafter called an MR head) using the magneto-resistive effect component (it is hereafter 
called MR component) from which resistance changes with change of a field, since a playback 
output is not dependent on a disk rate, a high playback output can be obtained also in a small 
magnetic disk drive. Moreover, by the MR head, since a high playback output can be obtained 
compared with the magnetic-induction form magnetic head also to narrow-track-izing accompanying 
densification, it is thought that it is the magnetic head suitable for a miniaturization and large 
capacity-ization. 

[0003] On the other hand, in order to detect the change in resistance of MR component resulting 
from change of a field in an MR head, the structure used for it, making expose MR component to the 
field (for it to be hereafter called a floatation side) which counters the disk of a magnetic-head slider 
has the highest regeneration efficiency. A part of MR component is processed at the time of 
floatation side processing (polish processing), and it is made to expose to a floatation side in the MR 
head which MR component exposes to such a floatation side. And the dimension of the floatation 
side of MR component and the direction of a right angle is made for MR component height (hMR), 
and a call and this MR component height to enter in default value by controlling the amount of 
processings at the time of polish processing. 

[0004] In an MR head, since a playback output changes, if MR component height varies with this 
MR component height, or it changes a playback output, a regular playback output will not be 
obtained but the problem of becoming a defective will arise. Therefore, in order to control playback 
output fluctuation of an MR head and to obtain the high yield, it is necessary to control MR 
component height to high degree of accuracy in a polish processing process. For example, in the case 
of 2, the precision of MR component height is **0.15 20 Gbit/inch surface recording density. It is 
**0.1, when mum grade is demanded, densification progresses further and it is 2 60 Gbit/inch. It is 
expected that mum grade is required. 

[0005] In polish processing, in order to high-degree-of-accuracy-ize MR component height, it 
becomes important to measure MR component height to high degree of accuracy during processing. 
Although MR component height is the dimension of about 0.5-3 micrometers of actual condition, 
since the induction type head for data writing is formed in the upper part of MR component, it is 
difficult to measure MR component height directly optically. Then, apart from MR component, the 
marker for measurement is formed in the formation process of a component, it is measuring this 
marker optically and the method of finding MR component height (the amount of processings at the 
time of polish processing) indirectly is proposed as indicated by the JP,63-34713,A official report 
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and the JP,2-29913,A official report. However, by this approach, in-process gauging under polish 
processing is difficult. 

[0006] Then, as an approach in which measurement in an in process is possible, the resistance of MR 
component is measured and there is the approach of converting into MR component height. There 
are the approach of measuring the resistance of MR component directly and converting into MR 
component height and the approach of MR component measuring the resistance of the component (it 
is hereafter called a resistance detector element (ELG)) formed independently, and computing MR 
component height as indicated by the JP,63-191570,A official report as this approach as indicated by 
the JP,5-46945,A official report. 

[0007] Among these, the following technical problems are pointed out about the approach of 
measuring the resistance of the former MR component directly. 

[0008] (1) MR component is formed of the thin film process represented by sputtering, exposure, ion 
milling, etc. As dimensional accuracy of MR component by this process, it is about **0.2 
micrometers. On the other hand, since the width of face (width of recording track) of MR component 
is very as narrow as 0.8-2.0 micrometers, dispersion produces the resistance of MR component in 
resistance by dispersion in the width of recording track. 

[0009] (2) In case MR film is formed by sputtering, thickness nonuniformity arises at the center 
section and edge of a wafer. And the thickness nonuniformity of MR component in a wafer becomes 
the dispersion factor of the resistance of each MR component. Especially, in recent years, since the 
thickness of MR component is thin, it is in the inclination for thickness nonuniformity to increase, 
consequently dispersion in resistance is also increasing. 

[0010] That is, dispersion produces the resistance of a real MR component by width-of-recording- 

track dispersion and thickness nonuniformity. Since dispersion in this resistance serves as an error in 

MR component height measurement, it causes accuracy-of-measurement degradation. 

[001 1] On the other hand, the resistance of a resistance detector element is measured and there are 

the following advantages in the approach of converting into MR component height. 

[0012] (1) Since the width of recording track can be enlarged (10-500 micrometers), even if about 

**0.2 micrometers of width of recording track differ in a resistance detector element, resistance 

hardly changes. Therefore, the effect of width-of-recording-track dispersion is small. 

[0013] (2) In case MR component height is computed from the resistance of a resistance detector 

element by using a reference pattern (criteria resistance) in a resistance detector element, it is 

possible to cancel thickness nonuniformity. 

[0014] 

[Problem(s) to be Solved by the Invention] As explained above, since effect of width-of-recording- 
track dispersion and thickness nonuniformity can be made small, by the approach using a resistance 
detector element, in-process gauging of MR component height in a high precision becomes possible. 
However, there are the following technical problems in this approach. 

[0015] Although a resistance detector element and MR component are formed in the thin film 
process represented by sputtering, exposure, ion milling, etc., if there are resist thickness unevenness 
and illuminance unevenness in an exposure process, it will become exposure dispersion and 
dimension fluctuation or an array error will arise, for example. In the measurement using a resistance 
detector element, actual MR component height is not measured directly, but it is premised on the 
resistance detector element and MR component being formed a design dimension and as an array. 
[0016] Therefore, when the case where the dimension of a resistance detector element and MR 
component varies as mentioned above, and a location gap arise, these all serve as a measurement 
error and become MR component height dispersion eventually. 

[0017] The object of this invention is to offer the equipment which measures the resistance of a 
resistance detector element and measures dimension dispersion of a resistance detector element and 
MR component leading to an error, and a location gap in MR component height mensuration 
converted into MR component height. 
[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned object, according to this 
invention, the manufacturing installation of the following thin film magnetic heads is offered. 
[0019] That is, it is the process which inspects the magneto-resistive effect component and the 
resistance detector element for polish processing which were formed on the wafer, and this 
inspection process is the manufacturing installation of the thin film magnetic head which irradiates 
the illumination light with a wavelength of 400nm or less at a component, is made to carry out image 
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formation of the reflected light from a component by the lens system, and is characterized by being 

the process which measures said dimension from this image. 

[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of one example of this invention is explained to 
a detail using a drawing. 

[0021] First, the cause which dimension dispersion of MR component produces at a polish 
processing process before explanation of an example is explained to a detail. 
[0022] Drawing 1 - drawing 2 are drawings showing MR component and a resistance detector 
element formation process, and a polish processing process. As shown in drawing 2 (a), two or more 
resistance detector elements 4 are formed in the both sides in the thin film process represented at 
sputtering, exposure, ion milling, etc. band-like so that the MR component 3 and this may be put on 
the wafer 1 of the ceramics. Two or more formed components are cut by band-like, and are started 
from a wafer 1 . ****** is called Rover 2. In [ of one ] Rover 2, 30 MR components 3 and 3 1 
resistance detector elements 4 are formed. In the example shown in drawing 1 , pattern formation of 
each component is carried out by one-shot exposure considering four Rovers 2 as one unit U. 
[0023] As shown in drawing 2 (a), while carrying out package polish of the 30 MR components 3 
and exposing the MR component 3 to the floatation side 80 by carrying out polish processing of 
started Rover 2 from the direction of an arrow head, it controls in the dimension of a request of all 
MR component height hMR, and the floatation side 80 is processed into a predetermined 
configuration and predetermined surface roughness. 

[0024] Here, since a playback output changes with MR component height hMR, if MR component 
height differs in an MR head, or it changes a playback output, a regular playback output will not be 
obtained but the problem of becoming a defective will arise. Therefore, in order to control playback 
output fluctuation of an MR head and to obtain the high yield, MR component height hMR is 
measured during polish processing, and it is necessary to control the amount of polishes to high 
degree of accuracy about all MR components. 

[0025] In order to realize this, the resistance detector element (ELG) 4 formed in the same process 
near the MR component 3 is used. Namely, in drawin g 2 (a), a current is supplied from the electrode 
5 of each resistance detector element 4. So that the resistance value change by polish may be 
measured about each resistance detector element 4, MR component height hMR may be found from 
this resistance and resistance hMR, i.e., MR component height, may become homogeneity To be 
shown in drawing 2 (b), Rover 2 is bent, a polish load is controlled, and it is made for the alignment 
curve 7 of each location 6 of the resistance detector element 4 to turn into a straight line. 
[0026] For this approach, the dimension between the dimension between the MR components 3, an 
array error, and the resistance detector element 4, an array error or both the components 3, the 
dimension between four, and an array error are target dimensional accuracy, **0.2-0.15 [ for 
example, ]. Compared with mum, it has been a major premise that it is measurement in about 20- 
15nm about [ that ] 1/10. Although the resistance detector element 4 and the MR component 3 are 
formed using the same thin film process and the same exposure masks, such as sputtering, exposure, 
and ion milling For example, in an exposure process, if a distortion and illuminance unevenness are 
in an aligner or resist spreading unevenness etc. is in it, as shown in drawing 2 (a) It will become that 
from which the array of the MR component 3 shifted to the alignment curve 7 of the resistance 
detector element 4, or as shown in this drawing, the dimension error of component height will arise 
between the MR components 3 or between the resistance detector elements 4. 
[0027] If Rover is bent, a polish (it becomes straight line like [ an alignment curve 7 ]) load is 
controlled and polish processing is performed in this condition so that the resistance of the resistance 
detector element 4 may become homogeneity as shown in drawing 2 (b), as shown in drawing 2 (c), 
MR component height hMR after polish will vary greatly. 

[0028] So, it aims at offering the equipment which measures dimension dispersion of the MR 
component 3 which causes an error in the above-mentioned polish processing method, and the 
resistance detector element 4 to high degree of accuracy in this invention. The detail of the example 
of this invention is explained based on drawing 3 - drawing 13 . 

[0029] First, the 1 st operation gestalt of this invention is explained based on drawing 3 - drawing 1 1 
R>1. 

[0030] Drawing 5 shows the electrodes 49a and 49b of the MR component 3 which is one of the 
measuring objects, and its both sides. Drawing 6 (a) shows the cross-section structure of the a-a 
section in drawing 5 , and, similarly drawing 6 (b) shows b-b cross-section structure. Moreover, 
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drawing 7 shows the resistance detector element 4 and polar zone 5 which are another measuring 
object. 

[0031] If surface recording density exceeds 2 20 Gbit(s)/inch, narrow track-ization progresses 
further, and the width of recording track Wt of the MR component 3 shown in drawing 5 is set to 0.5 
micrometers or less, and the precision of the component height hMR is expected that about **0.15 
micrometers is required. From the principle of the above-mentioned polish processing method, in 
order to secure this precision, it is necessary to suppress MR component height hMR in drawing 5 , 
each dimension of width-of-recording-track Wt and resistance detector element height hELG in 
drawing 7 , the array error between MR components, the array error between resistance detector 
elements, and the relative array error between both components to about **0.15 micrometers. 
Therefore, that to which the accuracy of measurement required of this invention can also measure 
this about **0.15-micrometer dimension dispersion and array error is required. 
[0032] Here, if NA (Numerical Aperture; numerical aperture) of optical system is set to 0.9 when the 
usual light, for example, light with a wavelength of about 0.5 micrometers, is used, theoretical 
resolution (0.6 lx wavelength / NA (numerical aperture)) will be set to about 0.34 micrometers, and 
will become the resolution limit mostly the above-mentioned width-of-recording-track 
Wt=0.5micrometer. It is very difficult to measure MR component height hMR which has **0.15- 
micrometer dispersion not to mention measuring the width of recording track Wt to high degree of 
accuracy, and resistance detector element height hELG to high degree of accuracy from the image 
obtained such near the resolution limit. In order to measure **0.15-micrometer dimension dispersion 
and an array error, almost comparable resolution is required. 

[0033] By the way, as shown in drawing 6 (a), the end faces 3a and 3b of the direction of an 
electrode of the MR component 3 have structure with which it is covered with Electrodes 49a and 
49b and which is not exposed into atmospheric air as it is. On the other hand, as shown in drawing 6 
(b), since it is exposed into atmospheric air and may corrode if it remains as it is, generally the end 
faces 3c and 3d of the component height hMR direction are taken as the bonnet and the end- face 
protective coat with the about dozens of nm transparent-ceramics thin films 51a and 51b. The broken 
lines 50a and 50b of drawing 5 show the boundary of this transparence end-face protective coat. 
Therefore, when SEM (Scanning Electron Microscope) and AFM (Atomic Force Microscope) are 
used in order to obtain the resolution of the above-mentioned about 0.15 micrometers for example, it 
is impossible for the detecting signal obtained to become what caught the shape of surface type of an 
end-face protective coat, and to catch the end faces 3c and 3d of the lower part. 
[0034] This invention is devised in view of constraint of such the measuring object. Drawing 3 
shows MR component, resistance detector element dimension, and array metering device (it 
abbreviates to the dimension and array metering device of MR-ELG hereafter) which the 1 st 
operation gestalt of this invention requires. 

[0035] This equipment consists of the measuring beam study system 101, the automatic-focusing 
system 201, picture signal processing and a control system 301, the stage system 401, and the laser 
length measurement system 501. 

[0036] in order that the big description of this equipment may realize image measurement which let 
the end face protective coat described above pass and may make measurable about **0. 1 5 - 
micrometer dimension dispersion and an array error, it be to use DUV (Deep Ultraviolet) light with a 
wavelength of 248nm and the objective lens corresponding to DUV of N AO. 9 for detection of a 
component pattern. The theoretical resolution in this case is set to 0.17 micrometers, and the 
measurement of the array error of MR component and a resistance detector element of it is also 
attained at measurement of MR component height hMR of about **0.15 micrometers, or dimension 
dispersion of resistance detector element height hELG, and a list not to mention measurement with a 
width of recording track [ Wt ] of about 0.5 above-mentioned micrometers. 
[0037] Moreover, the firm measurement of the variation rate of a stage is carried out to the 
measurement criteria of a component array using the laser length measuring machine which reduced 
dispersion at the time of measurement, and it is in having amended the detection image in the 
amount of displacement. Furthermore, in order to always double a measured component in the depth 
of focus of an objective lens, migration of the vertical direction has location fluctuation using the 
minute flat spring with high repeatability. 

[0038] The stage system 401 consists in X stage 28x, X stage 28x, and the direction of a right angle 
movable in the direction of Rover of movable Y stage 28y, the theta stage 29, and Z stage 30, and 
the ceramic wafer 1 is laid on the vacuum chuck on a Z stage (not shown). Revolution adjustment of 
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the theta stage 29 is carried out so that the direction of Rover (vertical to space) and the scanning 
direction (vertical to space) of X stage may become parallel after installation. 
[0039] Although Z stage 30 carries out vertical migration by the result of the automatic-focusing 
system 201 mentioned later and is always doubled in the depth of focus of an objective lens, the 
fluctuation produced by the migration serves as a gap of the image to detect, and it is greatly 
influenced by the accuracy of measurement. 

[0040] That is, in spite of not changing, by migration of Z stage 30, the detected image will shift the 
component itself and it will measure the mistaken dimension error. 

[0041] Drawing 12 shows the block diagram of the Z stage by this operation gestalt. It consists of a 
flat-spring plate 701,702, a fixed frame 703, and a needle 704. The fixed frame 703 is fixed to X 
stage 28x. Four one side, 705a, 705b, 706a, and 706b function as a flat spring, and the flat-spring 
plate 701 is arranged eight places at bilateral symmetry. 701a and 701b of the flat-spring plate 701 
are fixed to the fixed frame 703. The moving part 707 of the flat-spring plate 701 is fixed to a needle 
704. 

[0042] Drawing 13 shows the a-a sectional view of drawing 12 . Actuation of Z stage'30 uses the 
piezo-electric element 708 expanded and contracted with an electrical signal. A needle 704 is pushed 
against the flexible section of a piezo-electric element 708 through thrust bearing 709. By telescopic 
motion of a piezo-electric element 708, a needle 704 goes up and flat springs 706a and 706b bend. A 
needle 704 moves to parallel by vertical migration of a piezo-electric element 708 by installing these 
flat-spring plates 701 and 702 in both sides. This structure enables it to move the straightness in the 
range of 50 microns of strokes in the precision of lOnm or less. 

[0043] The laser length measurement system 501 measures a location gap of the height location in 
the wafer 1 of the stage system 401 generated in MR component height hMR or the resistance 
detector element height hELG direction. The laser beam from the laser oscillator 502 is irradiated by 
the rod mirror 504 fixed on high-degree-of-accuracy Z stage 30 with the interference system 503, 
and the fixed mirrors (or stand which the objective lens 26 neighborhood corresponding to DUV 
does not move) 505 fixed to the objective lens 26 corresponding to DUV. By the approach which is 
not illustrated, the length of the distance L between the rod mirror 504 and the fixed mirror 505 is 
measured with a detector 506, and it sends to a computer 40. 

[0044] Since about lOOnm of dispersion of the laser length measuring machine by oscillation of air 
occurs, the laser beam way is reducing dispersion according an optical path to a bonnet and 
disturbance to about 30nm with covering 507. This covering considers the fixed mirror 505 side as 
fixed covering, is considered as the movable covering 508 expanded and contracted with migration 
of a stage in the component measurement direction and the direction of a right angle (the direction of 
Y stage), and keeps constant the range exposed to the open air. Moreover, the rod mirror 504 is die 
length with which it is fully satisfied of the movable range of X stage 28x. 
[0045] In the measuring beam study system 101, epi-illumination of the component section on a 
wafer 1 is carried out with the relay lens 23 corresponding to DUV, and the objective lens 26 
corresponding to DUV of NA0.9 with the DUV light 22 with a wavelength of 248nm emitted from 
the DUV light source 21 . In addition, a beam splitter 24 is an object for lighting / detection light 
separation, and a dichroic mirror 25 is for separating the DUV light 22 and the laser beam 33 for 
automatic focusing with a wavelength of 750nm. Image formation of the reflected light from the 
component section on a wafer 1 is carried out on the CCD solid state image pickup device 38 with 
the DUV objective lens 26 and the DUV image formation lens 37. 

[0046] In picture signal processing and a control system 301, it inputs into a computer 40, after 
changing the picture signal from the CCD solid state image pickup device 38 into A-D converter 39 
digital signal. By the computer 40, step-and-repeat scan control of the X stage 28x and Y stage 28y 
is carried out through the stage driver 31 based on the design array data of MR component on the 
wafer beforehand stored in memory 43, and a resistance detector element, and it is shown in drawing 
2 — as — Rover (field of Rover on a wafer 1) — meeting — migration -> halt ->MR component image 
input -> migration [ of X stage 28x ] -> — halt -> resistance detector element image input -> 
migration -> halt ->.... is repeated. 

[0047] The length measurement result of the detector 506 of the laser length measurement system 
501 is also simultaneously inputted into a computer 40 at the time of a halt of X stage 28x. After an 
image input is completed about all components among [ Rover ] one, scanning Y stage 28y, moving 
to other Rover locations, and moving X stage 28x again, measurement is repeated and is performed. 
[0048] The depth of focus of the measuring beam study system 101 is set to **0.15 micrometers, and 
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its highly precise focusing is more indispensable than NA0.9 of the wavelength of 248nm, and the 
objective lens 26 corresponding to DUV in the case of an image input. 
[0049] So, in this example, the automatic- focusing system 201 performs this focusing. The 
collimated beam 33 with a wavelength of 780nm by which outgoing radiation was carried out from 
semiconductor laser 32 is reflected with a dichroic mirror 25, incidence is carried out to the 
periphery of the pupil of the objective lens 26 corresponding to DUV, and it condenses and irradiates 
from across on a wafer 1 . Incidence of the reflected light is carried out to an objective lens 26 from 
across, and it carries out incidence to 2 division photo diode sensor 34 as a collimated beam 48. 2 
division photo diode sensor 34 consists of two light sensing portions 34a and 34b, inputs the output 
signal from each light sensing portion into a difference circuit 35, and sends a differential signal to a 
computer 40. When the measured component pattern on a wafer 1 is in focus punctiform voice to the 
CCD solid state image pickup device 38, the location of a sensor 34 is finely tuned so that this 
differential signal may be set to 0. 

[0050] Since the location of the reflective beam 48 from a wafer 1 will change if stage height or the 
height of a measured component pattern changes as shown in drawing 3 , the output from a 
difference circuit 35 increases. Based on the control signal from a calculating machine 40, Z stage 30 
is moved slightly so that this difference partial output may be set to 0, and focus punctiform voice is 
maintained. 

[0051] Drawing 4 shows the spectral transmittance property of a dichroic mirror 25. The DUV light 
with a wavelength of 248nm used for image measurement is penetrated about 90%, and the laser 
beam with a wavelength of 780nm used for automatic focusing is reflected about 95%. In addition, 
this measuring beam study system 101 consists of both telecentric optical system, and has 
composition with few scale-factor errors to the slight gap of a focal location. In addition, the method 
which carries out fine control of Z stage 30 so that the contrast of the pattern of the detection image 
itself may be computed and this may serve as the maximum goods is sufficient as automatic 
focusing. 

[0052] By the calculating machine 40, each dimension is measured from a detection image after a 
component image input at the time of stage migration for a contiguity component. Above-mentioned 
drawing 5 shows the detection image 47 of the MR component 3. The picture signal 45 of the b-b 
section, i.e., the component height hMR direction, is shown in drawing 8 (a). As opposed to this 
signal, if primary differential is given, the fine spectral separation form 46 shown in drawing 8 (b) 
will be acquired. It asks for the zero cross locations hi and h2, and MR component height hMR is 
obtained from |hl-h2|. Width-of-recording-track Wt in drawing 5 and resistance detector element 
height hELG in drawing 7 are calculated similarly. Each dimension is computed by considering the 
dimension called for from this, and the detection result from a laser length measuring machine. 
[0053] Drawing 9 shows the example of measurement of the relative array error of MR component 
and a resistance detector element on the basis of the locus of a scanning direction on the basis of the 
detection result of a laser length measuring machine. From the left detection image 81 , after 
measuring the distance SELG from image soffit section 81a to upper bed section 85a of the 
resistance detector element 85, X stage 28x are moved and the image 82 of the MR component 90 is 
detected. Similarly, after measuring the distance SMR from image soffit section 82a to upper bed 
section 90a of the MR component 90, X stage 28x are moved again and the image 83 of the 
resistance detector element 86 is detected. Similarly, the distance SELG from image soffit section 
83a to upper bed section 86a of the resistance detector element 86 is measured. By 1 Rover, the 
above measurement is repeated and is performed. That is, let distance from the soffit section be array 
measured value on the basis of the soffit section of a detection image in this measurement. 
[0054] Drawing 10 is the result of measuring MR component height hMR and resistance detector 
element height hELG about Rover 2a on the wafer 1 shown in drawing 1 . Black dot plot 8a 
expresses MR component height hMR, and black square plot 9a expresses resistance detector 
element height hELG. Broken-line 10a shows the design value of 4.7 micrometers, and it turns out 
that each measured value of both components has exceeded the design value. Moreover, it is thought 
that two big waves accepted in MR component height hMR originated in the illuminance unevenness 
of an aligner. 

[0055] Drawing 1 1 is the result of measuring the array of MR component and a resistance detector 
element similarly about Rover 2a on the wafer 1 shown in drawing 1 . Black dot plot 8b expresses 
the array of MR component, and black square plot 9b expresses the array of a resistance detector 
element. The array average of the resistance detector element shown by broken-line 10b is set to 0, 
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and the array of MR component is plotted as a relative value to it. It is thought that the wave 
accepted in both components is based on the illuminance unevenness and distortion of an aligner. 
[0056] The measurement result shown in drawing 10 or drawing 1 1 with this operation gestalt, or 
when dimension dispersion in the inside of an exposure field or the whole wafer surface and two- 
dimensional distribution of an array error are displayed on a display 41 and dimension dispersion 
and an array error exceed default value Make it not pour such Rover and a wafer at a processing 
polish process. Or it is also possible enough to apply to the process control and control called 
correction of the process parameter of to issue maintenance directions of the aligner of a component 
formation process, a resist coater, film attachment equipment, etc., to discover nonconformity at an 
early stage, and to make illuminance unevenness small, tuning thickness finely. Moreover, it is also 
possible for measurement data to be stored in memory 42 and to utilize for the monitoring of the 
dimension fluctuation over a long period of time or array error fluctuation and analysis. 
[0057] Although the DUV light source was made into a mercury-xenon lamp and the combination of 
an interference filter with a transparency core wavelength of 248nm with the above-mentioned 
operation gestalt, it is also possible to use the 4th higher harmonic of 266nm of a semi-conductor 
excitation YAG laser, i.e., wavelength, the 5th higher harmonic of 213nm, i.e., wavelength, or the 
3rd higher harmonic, i.e., light with a wavelength of 355nm. It is also possible to use ArF excimer 
laser (wavelength of 193nm) and KrF excimer laser (wavelength of 248nm). Moreover, it is also 
possible to use i line (wavelength of 365nm) of a mercury lamp, moreover, the measurement criteria 
of a component array with the above-mentioned operation gestalt — the stage of X stage 28x — 
although the laser length measuring machine was used as a means to detect a variation rate, it is 
possible to also amend measurement by an electrostatic-capacity sensor etc. 

[0058] According to this operation gestalt, it enables it for the width of recording track Wt to become 
possible, and to carry out monitoring of the situation of a component formation process in an in 
process, also where an end-face protective coat is given for measurement of the various dimensions 
of detailed MR component 0.5 micrometers or less or a resistance detector element, and an array 
error as mentioned above. Thereby, the nonconformity of a process is discovered at an early stage, 
and generating of a defect product is reduced by correcting a process parameter, and it becomes 
possible to raise the yield. Moreover, it is also possible to realize feedforward control polish 
processing which amends the amount of loads based on measurement data in the case of control of a 
polish load at a polish processing process. 

[0059] The 2nd operation gestalt of this invention is explained based on drawing 14 . Drawing 14 
shows the MR-ELG dimension and array metering device in the 2nd operation gestalt. This 
equipment consists of the measuring beam study system 102, the automatic-focusing system 201, 
picture signal processing and a control system 301, the stage system 401, and the laser length 
measurement system 501. The big difference from the 1st operation gestalt is in the constituted point 
of putting to laser the air by which not covering but temperature management was carried out in 
dispersion by the disturbance of the laser length measurement system 501 in the 1st operation gestalt 
in fixed air capacity. In addition, since the configuration and its function of the automatic-focusing 
system 201, picture signal processing and a control system 301, and the stage system 401 are the 
same as that of the 1st operation gestalt, explanation is omitted. 

[0060] Although the function of the laser length measurement system 501 is the same as that of the 
1st operation gestalt, it installs an air filter 509 in the upper part 0 f ****** of a laser beam, and sends 
in the air which carried out temperature management with fixed air capacity by the approach which 
is not illustrated from the upper part of an air filter 509. Then, to a laser beam, fluctuation of the 
laser length measuring machine by disturbance will be lost for fixed temperature and air capacity. 
Subsequent processings are the same as that of the 1st example. 

[0061] According to this example, the same effectiveness as the 1st operation gestalt is acquired. 
[0062] In addition, application to the thin film magnetic head which is not limited only to the thin 
film magnetic head containing an MR head, and also contains a GMR (Giant Magneto-resistive) 
head is also possible for this invention enough. 
[0063] 

[Effect of the Invention] According to this invention, the effectiveness of enabling it to attain the 
measurement of the various dimensions of detailed MR component 0.5 micrometers or less or a 
resistance detector element and an array error with the highly precise width of recording track Wt, 
and to carry out monitoring of the situation of a component formation process in an in process also 
where an end-face protective coat is given is acquired. 
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[0064] Moreover, thereby, the nonconformity of a process is discovered at an early stage, generating 
of a defect product is reduced by correcting a process parameter, and the effectiveness of becoming 
possible to raise the yield is born. Moreover, it has the effectiveness of becoming possible to also 
realize feedforward control polish processing which amends the amount of loads based on 
measurement data in the case of control of a polish load at a polish processing process. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the top view showing the formation condition of Rover on a wafer. 

[Drawing 2] Drawing 2 is the front view of Rover which shows the formation condition of MR 

component on Rover, and a resistance detector element, and a polish processing process. 

[Drawing 3] Drawing 3 is the front view showing the outline configuration of the resistance detector 

element dimension and array metering device in the 1st operation gestalt of this invention (it 

abbreviates to a MR-ELG dimension and an array metering device hereafter). 

[Drawing 4] Drawing 4 is a graph which shows the spectral transmittance property of a dichroic 

mirror. 

[Drawing 5] Drawing 5 is the front view of an MR head showing MR component and the polar zone 
of the measuring object. 

[Drawing 6] Drawing 6 is the sectional view of MR component. 

[Drawing 7] Drawing 7 is the top view showing the resistance detector element and polar zone of the 
measuring object. 

[Drawing 8] Drawing 8 is the picture signal of the MR component height direction, and a picture 
signal which shows a differential wave. 

[Drawing 9] Drawing 9 is the top view of MR component and a resistance detector element showing 
the example of measurement of the relative array error of MR component and a resistance detector 
element. 

[Drawing 10] Drawing 10 is a graph which shows the result of having measured MR component 
height and resistance detector element height, about Rover on a wafer. 

[Drawing 1 1 ] Drawing 1 1 is a graph which shows the result of having measured the array of MR 
component and a resistance detector element, about Rover on a wafer. 

[Drawing 12] Drawing 12 is the perspective view showing the configuration of the Z stage in the 1st 
operation gestalt of this invention. 

[Drawing 13] Drawing 13 is the sectional view showing the a-a cross section of drawing 12 . 
[Drawing 14] Drawing 14 is the front view showing the outline configuration of the measuring beam 
study system in the 2nd operation gestalt of this invention. 
[Description of Notations] 

1 - Wafer 2 — Rover 3 - MR component 4 - Resistance detector element 21 - DUV light source 25 

— Dichroic mirror 26 — Objective lens corresponding to DUV 

28x - High-degree-of-accuracy X stage 28 y-Y stage 29 — theta stage 

30 — High-degree-of-accuracy Z stage 32 - Semiconductor laser 34 - 2 division photo diode sensor 
37 ~ DUV image formation lens 38 - CCD solid state image pickup device 40 - Calculating 
machine 41 — Display 60a, 60b, 60c, 60d - Method illumination system of slanting 62 — Phase 
modulation component 63 — Quarter-wave length plate 71 — Reference mirror 

101, 102, 103, 104 - Measuring beam study system 201 - Automatic-focusing system 301 - Picture 
signal processing and control system 401 - Stage system 501 — Laser length measurement system 
502 - Laser 504 - Rod mirror 505 - Fixed mirror 506 - Detector 701,702 - Flat-spring plate 
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[Drawing 4] 




[Drawing 13] 
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fflifr «EWfl«7 3&<iit»ic&*cfc3ic) MMnB&M 20 
mL-cmmimjL&fr? 02 u) iz^-r^ar^ bp 

[0 0 2 8] f^t\ *bbt»i** iBWBinxtticfc 

j£ (i & o # £ £ 

[0 0 2 9] **\ ***©«1J(Jfc»ltB3-Bl 

[0 0 3 0] i5lt iJSWXDiotfi^MRfS^a 30 
fc*©HHB<D««4 9 aM4 9 b *^Lfc*0>"efc 
4oi6 (a) I*. 0 5fCt5lf*a-a8P(7)»f®«3iS 

06 (b) r*pn:< b-bWffi«jfi£3*Lfc*<& 

*n*T-4i:«aff 5**Lfcti0)-Cft4o 

[0 O 3 1 ] ffiKftaSffA<2 OGb i t/i nch z f 
j3*_£<t. »h^*;/£fl:36<-JBiI*K 0 5lc^-fMRf§ 
f3©h779BWt(*o. S/imUT^ttU* £fcfft 
^S*hMR(DffiJgl±±0. 1 5 AlmaflEA^at^ffl* 

0 5|Zfclt£MRfg : F : ;g£ hMR t h7?9M 

Wt. HVlzfeltifttftaifflllS^KShELG 0>«-^-&<h. 
MR*flH<DE5U»»* ataattRT-IB^iBWKB. X 
W*™0)«»EM»B£± 0 . 15/i mggCffll^. 
«AKtffe«. fifot, *BBl::S*£*L«aX*S 
fc. Z(D±0. 1 5/im8B0>^-&li&O*£EM«» 

[0032] ::t\ a*a>qr«#. ftjll*9MtO. 5 
//mlS©*Sffll\fei|4, *¥S0NA (Numerical 
Aperture: BBPR) *0. 9k + Zk. BBBBflC 50 



(0. 6 1 Xjftft/NA (BBPB) ) I*tt0. 34/im 
iittU, ±E h 9 ?9BWt = 0 . 5 /i ml±l$«»«K 

*>5A/<0Z£ % ±0. 1 5//m0)(SbO^$-t,OMRS 

4^tiia«)THB-e**o ±o. 1 5/im0>-*aii& 

[0033] <bC5t\ 06 (a) [Zff^t& 5 |Z, MR 
«^3 0)mfil^lS]COag®3 aXt/3 b I*. ig49a& 
t/4 9 bT*&t>1XX*<D&&X%*\zmthLtel^m&k 

ftotL>^ 06(b) ic^-Tcta^. S§^;6£ 

hMR*|Ria)4S®3 c&tf 3 dl£. -*<D**-eH:*:ft*f:: 
BW**JK**4W»tttffc*fc*K -fiftfC. ft-hnm 

i*©aw-ir7 5y*x»i5 1 a si/ 5 1 b-eaiv 

MMftlSM<t Ltl^o 0 5(7)56^5 0 a RlfiS 0 b (4 
C<DaBBB«B«<D«**JFLTl**. tt^T. ±E 
O. 1 5"//m8S«)»«S*l»ifc»l:, m*\£. se 
M (Scanning Electron Microscope) ^AFM (Atomic 

Force Microscope) £flSfflLfc»^ fi£*l£«tti{l 
«a«flBBBa)aBBtt«BiLfctia)^«:y. *0)T 
ffl5(DSS3 cM3 d £l*TpTB-e**o 

[0 0 3 4] **fflf±zo)<fcd«:aiS»*a)f»Jtt*B^ 

(BIT. MR - ELGflrttt-EmtaiEB £ 

[0 0 3 5] *aBf*BSft*3Rl OK g!«£^2 
o 1 . B*fl*«kB ■ 0 1 . Xt— »*4 o 

K U— 1f«**5 O 1 fr&]fi«. 

[0 0 3 6] *3£«(7>*#fc1#«li. ±E-eS6'<fcaB 
aBn«iiLTa)BftM-B«S9EL. fro, ±0. 1 5 
A/ mgSo^iSli 6 o »AtAE»Ml fcflBWB 1 1" * 
tz&h. i/OBfflfC* »fi248nmfl)DUV 

(Deep Ultraviolet) JctNAO. 9 0) D U VfctESfct^ 

(40. 1 7 jfm&fty . ±IB0. 5//miS(Dh7'^ 
&Wt<Dm%.l**>*>Z>Aj<DZk % ±0. 1 5/im|SJg(D 
M Rl^ig * h MR *«fita»iRT-K *hEL6 0)^tttlf t> 

ot©Kg, afeT/lcMRB^&tftttattMIR^OEJiJK 
[0037] B?E9J<Dtl-IIB*f=B£^a)id:& 

^@B*SiISL. *0>*tt«-C«WB«*«jELTl**^ 
i:lcfc^> 0 $t,|z, MMU^XiOBjflLBJKAI^aBSa 
^*S(z^-t±^frtt. ±T*lRia)aBfz. ^M^l&7b<SI[ 
/I^oHBttOXl^a/ T 4 z ^ lz * . 

[0 0 3 8] Xf-vS4 0 1li, P— A— a)7Jf£](z^ 
BRTffiftXXT— V2 8 x <t XXT-V2 8 x it lift* 



(5) 



<f$gfj2002-056514 



iRjI^MnTlfefcY*^— 8 y. 0Xf-y29,& 

f-v2 9?@giSf§o 
[0039] ZXf-v30lt &gffi)«US^2 

0 1 (&*SSIlc<i;y±Tl£K)L. W83U>X(7)^£3Egrt 

[0 0 4 0] -ffctP*.. St^O^OIi. ^®!) LTl^^C 
L^lZtH^b-r. ZXf-y3 OCD^iblc^y. 

[004 1] Si 2li. ^Mil:cj:^ZAf-v^ 
«J$i$ito fi/^^U-h70 1, 702, 1S7 
L/-A7 0 3, Waf7 0 4t*)UR!c^Wo SS^U— 
A7 0 3I*. XXf-v2 8xlC@S^^ 0 ffi/^^ 
L/-K7 0 1lt fr|j4lfiff7 0 5 a, 7 0 5 b. 7 0 
6a. 7 06 b^/^<tLtS^L, ^fiilCSl 20 
RJriEM£;tx£o fi/^>?l/-h7 0 1 (07 0 1 a . 7 o 

1 bli. A 7 0 3IC@££;h£o fa/<*Zf[s 
-h7 0 1 0)pTS]aJ7 0 7|£pIK]^7 0 4lZ@^*tL 

[0042] IH1 3f±. HI 2 0a-ai®iS^f o 

zxf-v3 0(Dii(i, ffl*_tfmmfi^Kj:y. #« 

t^tfx7fT7 0 8^ffl^^ 0 eiyiT7 0 8fl)# 
JgffllZX^X h^T'JV^ 09^U pJ®)^7 0 4 
£#Lolf£ 0 t°xym^7 0 8(7)#Sllc J: oT. alBl 
^704^±IL, SA^7 06a, 70 6bA<fct) 30 

t?. c<ote/u^k-K7oi<fc7 0 2^^flij[csa"r 
-szti^yex 7 o a a>±T»ni:: £ y nru^ 

7 0 4ttspfT(=Wi6"r*. 5 
OS^PXDtiSiT^aigJI O n mJsTF<0»fiTM# 

[0 0 4 3] If SJ«3R 5 0 1 li. MRSHSS£hMR 
^«tattttiRTK*hELG»iai-e38*-r*. XT-vifc 
4.o 1 a>^x/\i r<D]S£<ie(0{ia^;h£$]£-f 

CD-Cfc^o U-ifHSS5 O 2^b<DU-if5fc(*T^^ 
5 0 3CJ:tJig«a2Xf-y3 0±IClSU;»57 40 
— 5 04<h DU VMJ£*M$3Lx>X2 6IC@£L*= 
lMiDUVttJ£*M$3U>X2 6iftjZi<Z)i|£Il]L^^$: 
df) 5 0 5(ZffB|t$tl^>o 05*Lfcl>*jSlC 

£y. H^7-504^ISS7-50 5P*f]<7)5§g|L£ 

ttt&aeoe-emtu W#«4 0izai4 o 

[0 0 4 4] U— ^^CDSS!J(3^^U-Ifj|1 

*/N-5 0 7t'at\ MC^*libO^S3 0nmi 
BlZiBMLTl**. 0 5<IiJ£ 



I^S^— 5 0 4li. X^f- i?2 8 x(DpTffl)ffiffl^+^ 

[0045] m%.Jt¥Jfk 1 O 1 "CI*. D U VtESS 2 1 
b^LfcS§2 4 8nm(DDUV^2 2-e, DUV*tl£ 
UU-b>X23, XtfNAO. 9CDDU V#j£*t*&lL' 

>X2 6|c£y. ^x/\i±0)m^§P^St^BJ-r^ o 

/si. e-Ax^u 2 4(*. ■ ^ai^sifflT-& 

y. ^-<^P^^^S^-25l*DUV*22 < !:iKfi7 
5 O nmO)a«l*ji5fflU— »f*3 3 Z^M? %tzth<D*j 
0>Tfc£o ^x/\1 -LOm^^btDSlt^l*. DUV 
*M&U>X2 6Sl/DUVS«U>X3 7|C<£ lj % CC 

DS{*«H»JR^3 8±(cs«-r^, 0 

[ O O 4 6 ] PHfe{t4A9 ■ ©JfcPS 3 o i r (i. CCD 
@t*J§«fft^3 8^b(DI«M$ADtl$g3 9 7^ 

s>*;u«^i=*«Lfc«. tMMMoicASrr*. ft® 

«4 OTMi. W^E'J 4 3 (Z^$ALrfc^fcOx/\± 

Xf-v 3 1 £:frLT. xxf-v2 8xW 

Y7f-v28yJXf^' T> K ■ U fcf— hj£^$HJ 
»t4o fit, g]2 [Z^-Tcfc 7l^. P— /<— (Ox/\ 
1 ±0)P— /<— (DSIiSfc) (C;GoT. XXf~v 2 8 x (D 

s^®«A*-^»«i^ffii:^ says-To 

[0 0 4 7] XXf- v2 8 xOf^ltBtfCfcl^T. U— 

5 o 1 o&thms o 6a>»ge**iftl*«4 o 

TU<SlA^^T-r^i:. YXf-v28y^IU 
ffi<DQ— /<--&«l3»B)U II/XXf-v2 8xf8 

[0 0 4 8] 3HS%¥3Kl O A(DM&%1&\*. SS2 4 
8nm. DUVM^l/>X260)NAO. 9 <fc IJ . 

±0. 1 5i/mi<):y, HftAAcoiKttmaftttjaift 

[0049] f:r\ *8Blfi«"Ci** ilM^2oi 
fcj:yccD*jaid-frtfT3. *SM*U— «f3 23^6a» 
**L/i:^7 8 O nmCDWrtf— A3 3j^^P^^ 
^7 S7- 2 5T*SSt*1±. DU V$W*t ! K)U>X2 6(7) 
B0>JB21»lcAa**1i\ ^x/\1 JilzttfcSBj&x&JMfc 

Alt L. ¥*rt£-A4 8<h Lt2»»* K-b 
>it3 4lcAI*-rSo 2#«*h^*--K-tz>-tJ-3 4 

(i-0(^S3tSP3 4 a. 3 4b7b^/£y. S-g*fl5^ t> 
0)tti^fi^^^lE]»3 5fCA^L. S»fi^^tt*a 

4 0irin^> o ^x/\i ±a>aa^*^-/<^— >^ccd 

left* J: 5. -t?>"9-3 4<7){5i®$ailgLrfc 
[0050] 0 3 fZ^-Ti: 51=:. XT— v?iS*fe^,lN|i 
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ttJt«4 e,fl!)«liSHit(:«-5^T z^f -i? 3 o $ 

[00 5 1] S4li. 
a«tttt*iSLfc*»a>-Cfc*. BBttBf=ffll*«BA 
24 8 nm(DDUVftl±9 0%ifi<glL, ABBAC: 
831*438*7 8 O nm(DU— 1f3fe(±9 5%SS£Ht 

*. o 1 r*BBT-u-b>h«j^^*^ 10 

*-e«**#irfey. B*ttB«>*rr*ttr*uc*u 

tHi. &diiH£-£(D*,<7><7>/^ — >o)=i> h^x h£g: 

tifcJLs Z*ltftWfcft**5l=ZXf-S?3 o*Wlt 

[0 0 5 2] w-*«4o-er*. *™«A*«. BS&m 
^o>x^-$*»ibB»rz. ttajB«£y«^&a>ti-B£ 

^t5o ±EB5[*MR* : P3a>«a3E«4 7^Lfct 
<DT-$>Z> 0 b-bfflk Ttiittm^lS-Zhmlj&KOWik 
mm 5^18 (a) ICtr-To Z(Dfs-^lC*f U W^li 20 

i s (b) r=^-r«»a»4 6 36<»& 

*l4« -ifn^PXffiBhl&tf h2*3fttf>* | h 1 — h 2 | cfc 

MWt. H7lcfci+«»tfi;«»*^**hEL6 
[0 0 5 3] 09l*U-ifffl«SO)«die»^**-h L 

4o £<Dttwii&8 uy, bbtbbs 1 a^bgK 30 
B&JHF8 5<D±^a 5 a$-c<DEttSEL6 sasi 

XXf-v2 8x*8IL, MRStT-9 0<D!H» 
8 2*«ar*-4. H*!C BBTJM8 2a**&MRB 
^9 0(D±B»9 0 a*T?(DE»SMR£BffiLfc». If 
1/XXT-V2 8 x £«BU fSttSMfflBT- 8 6 0>lHfe 

8 3*aai-r4o mmz^ b«t«88B8 3 afr&tstta 
$am^8 6(D±asa5 8 6 a£-ea>sig!SELG sais*- 

4 G l3Lta>»3E*1 Hy«Lfr3. o£ 

y. ca>B£TH±BttBtt®Tttff€£*£ u tessa 

*&0>EB€E9UBBB 40 
[0 0 5 4] H1 0 1*. H 1 \Zt&-? 0x/\1 ±0>P— /< 
— 2alCOl*T, MRtR^**hHR t»ta«tt*T-K* 
haG *aSLfctt*-e**o »A.?P^h8atfMR 
St^iS2hMR£. BjE^TB^n? h9 a A<«fittt»*-T- 
ig£haG £^-T 0 ffittl 0 afilSI+fil4. 

-oa>*#tt3fayi*. B%£Bo>Bftt?&f::&BLfe 

[0 0 5 5] El 1 1 it. HI l-*-r r >x/M± 50 



tf)P — 2 alZOl^T. MRB^£fSfii«»B^a>E 

CDIE?"J£. BIE»»^n? h9 b^StafllttiR^aJiB^J 

P^HWio B»T-f=:Btf>£*i*5tayi** B*3£ 
BttBBSi; t> *>«Bf c 4 t <o t mtotii o 

[0 0 5 6] MgJfefl&JSTfl*. H 1 O^B 1 1 daV^B 
*4lM** B*ffi«I*iA?>^x/\±®t?<D^-5Stf 

bo^ EOTBB<D2*5c*Mfr*-7 s -rx:7U'r 4 1 |C« 

I*. *0>J:5fcP — /<— . Ox/\£;taxpgxiIlz3££ 
ttL^J:5lc-r*. &4lM£, *T-^fltxB0)B*«B. 

uvxhim «ftr+aB»a>^>-r^>x»5F* 
tbL^m^^^Mic^ML. ■«;&*/]**<•*-«* ■ 

^p-trxgs • «^fz®ffi-r^» z * 

[0057] ±ESHt»tt-ei*. ouvft^ii. *£B- 

>^>:7ia«*t>»*2 4 8 nm^7^b 
*0>ffl$1±£:Lfcj&*. Y AGU— »f<DB4* 

■X. t4fe4M2 6 6 nm, &4lM±B 5 
*-***%»* 2 1 3 nm. fc4lM*»3MiaL "TO* 
*>iR*3 5 5 nm0)**ffl^*Zi:t,prB-e*4o Ar 
FX^y7U-f (»*1 9 3 n m) -£>K r FI*v7 
L +T (»fi2 4 8nm) C « RTB7fe«. 

*iS^>^0) i It ()*fi^3 6 5 nm) ^^t>*Z 

irt^rffi'cfc^o ±esiiBB a ea. bt-ewo 
tfa»*fc xxt- v 2 s x ©x^-^Btttaiai-r* 

[0 0 5 8] \cJL±<D&5\Z*nMtemz&*ll^ \-=?y 
^«Wta5<0. 5/imJSlT<D«Jl0ftMR*T-. fc^>lMi 

■*<B**Lfc«B-ct»Rrfti=<cy. *w*ia©«a 

^-f ^^P-trX-e^E-^ U >^-r«ct36<RTttlc«i:« 0 
C^Llcty. ^P42XO)^A**#»!lzBftL. ^P-ir 
X/^ * -Z * felE-*Z> Z k\z&i) 3FSSb d o<7)S6^ «fS 
ML, *By«n±»i±«CA:^tti:ft«. *fc. B 
B*DXxB-eo)»BiPBa>»J!Bia>lBlz, agf- S'lcS 
^TlPB»*MjE-r*^-f — K^*7- KBBBBlo 

x * na-r & z 1 1 pitt-c fe « o 

[0 0 5 9] *«na)R2(DXMS$Bl 
Tlft^-r^o H1 4 1*. B2<D*S6»lllCi3lt*MR • 

ELGTfs ■ EWtta«B**-rtiO>-eft*« *^gf* 
a«*Mio2, amM2oi.mffMi- 

ftmZk 3 0 1. XiF— 4 0 1. U— If B«3R 5 0 1 
^&fiE«o BiO)3tll6»J8ta)*#ftBLM*. Bia>B 
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2 0 1. BttA^aa ■ ©J®^3 0 1 ^T— V^4 0 

[0 0 6 0] U— ?MX5O10>ttttf*« 
»tt£E«-Cfc**<* U— tP*a>!«tt3F<D±»l::ffi»? 

y. a^Lfci^&icjzy. as«aL/=fflft*-36o) 10 
[oo6i] ^wstiz^tin. mi<Dmm%mtfz\m 

[0 0 6 2] fefc\ *«HI*« MRA 7 KmiII 

KO)^icig^^tt^ta)-cfi^<. GMR (G i 

ant Magneto— res i st i ve) ^7 K 
[0063] 20 
5 jUm&TCDa^&MRSl^. fcaiMAStaEtenJR^O) 

[0 0 6 4] zLti\z*i) % yu±x(D^m^^m 
[0®a>flB*3feKW] 

[01] Hilt -)i/\±©p-/<-fl)»«*B*st 

[0 2] 0 2 1*. D— /<-±-e<0MR*^-Xt/Staftftl 
*^a>jKfifcttffl. efBJDixi^TxtP- a— o>ie®0 

[13] I3tt. *M(Dlti0mkMl:&ftilttt 40 
ttttfRMS ■ B9JttMttA (ISTF, MR ■ ELG^tS 



[04] 04I*. $T-f ^P-f v>S7-C»*HW» 

[05] i5ii, HS8»a)MR«^i:«li»S*tM 
R^* K0)jEffiH-e*4o 
[06] 06(*. MR^flJMr^^o 
[07] 07f*. i£»ta)«{jt^^^l«»$Tx 

^-wbb-c**. 

[0 8] 0 8(*. MRftrft££Ha>BMH»&«ftB 
»*3ft*B«flM*-c**. 

[09] 09 l±. MRft^&ttttttftX^affittEMM 

Aa>tfAfl * *r MRi^t tsffi^i^^iit & 

o 

[010] 0 1 Of*. Ox/\±(Dn— /\— ICOLNT. M 

[01 1] 0 1 II*. ^x/\_t<7)P — /<— ICOl^T. M 

[0 1 2] 0 1 2 I*. *««(D«1(DSt*»ffl(C*5I+* 
[01 3] 0 1 3 I*. 01 2 0)a-a|5Tl^ti®i 

[01 4] 0 1 4 1*. **Ha>*24>Sttt»ni=£<t« 

2— P — /<— 3-MR*T 4 — 
jCtttt»3R? 2 1 - DUV*« 2 5- 
-f 7^7 57- 2 6 — DU V»lC»*lU>X 
2 8 x— MtAXX^— S? 2 8 y-YXf-v 

2 9-0Xf-V 

3 0-g)SIZXf-V 3 2 U— tT 3 
4-2»«*l-y-f3!— K-fe>» 3 7-DUVKB 
U>X 3 8-CCDlftMlff 4 0-tWB 

4 60a, 60b. 60c. 6 

0 d -ftMHHJR 6 2 -teffiSHS*^ 6 3-1 

/4«SS 7 1 ■■#ffB^^ — 

101. 102. 103. 10 4— S»£**3S 2 0 

1 -aiMMMK 3 o 1 -Mi«fli • mm* 

4 0 1 -Xf-yS 50 1- U— If a«» 
502— U— if 5 04-W57- 5 0 5-1S 
5^— 5 0 6-tttt* 7 0 1, 7 0 2— C/^ 
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[H 1 1 CH2] im 1 3] 

hi m2 mi 3 
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[@ 1 4] 



m i 4 

101 301 




(72)«b^# +ea (72)*^# *eh hbs 

*»JI|R*Sr|iF*E*fflW292#* tt tt*Jllfttt%ffiF«EftSRr292«tt J* 

xt£*t B AHttBf ££&ffl9Fft Br A 5^*1 B ft Sit Hr±&&ttfflftHrl* 

F$ — A (#51) 2F065 AA22 AA24 BB02 CC02 CC25 
DD03 FF01 FF04 GG04 GG22 
JJ03 JJ26 LL04 
5D034 BA02 DA02 DA07 



